I. INTRODUCTION
G UIDING light in dielectric fibers has had a tremendous impact on many aspects of our life-we rely on fiber optics for communications as well as for illumination and a host of medical applications. The typical optical fiber has a high index core and a low index cladding such that the light is confined to the core by total internal reflection. Two inherent drawbacks exist in this approach: the first is absorption. Since the light is traveling through a dense medium for long distances, material absorption becomes significant even in low loss materials. To compensate for losses the fiber is doped with erbium which is used to amplify the signal. This in turn limits the bandwidth of the fiber to that of the narrow erbium excitation lines. The other weakness follows from the confinement mechanism-total internal reflection which confines light only of a limited angle. Conventional optical fibers cannot guide light around sharp turns, which is especially important in optical integrated circuits. Light guided in a hollow waveguide lined with an omnidirectional reflecting film propagates primarily through air and will therefore have substantially lower absorption losses. In addition, the confine- ment mechanism does not have angular dependence allowing for guiding light around sharp bends with little or no leakage. Most hollow waveguides fabricated to date [5] - [7] , have internal metallic and dielectric layers. It has been shown [8] that the addition of dielectric layers to a metallic waveguide could lower the losses significantly. In contrast, our system is an all dielectric waveguide which confines all frequencies contained in its omnidirectional range. In principle this type of structure can have lower losses than the combined metal and dielectric structure since the waves do not interact with a lossy metallic layer. Although our proof of concept demonstration involves a large diameter multimode waveguide, one can fabricate a much smaller tube that could in principle be made to support a single mode.
II. PRINCIPLE OF OPERATION
A schematic of the hollow tube is presented in Fig. 1 , as well as the index of refraction profile. In a realistic light guiding scenario involving many bends there exist no global symmetries and thus one cannot distinguish between independent TE and TM modes. Locally one can define a plane of incidence with respect to the normal to the film surface and the incident wave vector. Light entering into such a tube will invariably hit the walls many times and explore a wide range of angle of incidence of both polarizations with respect to any local plane of incidence. Since the air region is bounded by a structure that has a gap which encompasses all angles and polarizations the wave will be reflected back into the tube and will propagate along the hollow core as long as .
III. SAMPLE PREPARATION PROCEDURE
A Drummond 1.92 mm o.d. silica glass capillary tube was cleaned in concentrated sulfuric acid. The first tellurium layer was thermally evaporated using a LADD 30 000 evaporator fitted with a Sycon Instruments STM100 film thickness monitor. The capillary tube was axially rotated to ensure uniformity during coating. The first polymer layer was deposited by dip coating the capillary tube in a solution of 5.7 g polystyrene DOW 615APR in 90 g toluene. The next layer is tellurium deposited in the same method outlined above. The subsequent polymer layers are made of polyurethane diluted in mineral spirits. The device has a total of nine layers, five Te and four polymer and a total length of 10 cm. The layer thickness are approximately 0.8 m for the tellurium layer (refractive index 4.6) and 1.6 m for the polystyrene layer (refractive index 1.59 ). An optimal design will vary the layer thickness according to the zeros of the Bessel functions. Performance as 0733-8724/99$10.00 © 1999 IEEE well as the layer thickness were monitored by IR spectroscopy. The reflectivity of the deposited structure was measured in the radial direction using a Nicolet FTIR microscope and a variable size aperture, to ensure domination by radial reflection. The coated capillary tube was then inserted in a heat shrink tube which was filled with silicone rubber. Finally, the glass tube was dissolved using concentrated hydrofluoric acid (48%). The resulting hollow tube assembly is thus lined with the mirror coating and is both flexible and mechanically stable.
IV. RESULTS AND DISCUSSION
The reflectance measurements and simulations are shown for normal incidence in Fig. 2(a) . The measured gap width is smaller than predicted, probably due to microdefects in the Te layers. In addition there are absorption (8 m) peaks due to the polyurethane. Fig. 2(b) is the calculation of the reflectance at grazing incidence for the TM mode. Since the omnidirectional frequency range is defined from above (high frequency edge) by the normal incidence gap edge (arrow) and from below by the grazing incidence gap edge (arrow) the extent of the gap is completely defined by these two data points. The extent of the omnidirectional range for the parameters used in this experiment is approximately 40% [1] , [2] .
The transmission through the tube was measured using a Nicolet Magna 860 FTIR bench with an MCT/A detector. The transmission was measured around a 90 bend at a radius of curvature of approximately 1 cm, which was compared, to the straight tube transmission to correct for entrance and exit effects. A schematic of the measurement layout is presented in Fig. 3 .
The results shown in Fig. 4 indicate a high transmission around the 90 bend for a spectral band that corresponds to the omnidirectional gap. The relatively high noise level in the measurement is due to the lack of purge. This measurement provides a proof-of-concept indicating the low loss characteristics and guiding abilities of the all dielectric hollow waveguide.
